Abstract -Various types of oxygen-dependent anticancer drugs such as bleomycin and neocarzinostatin are known to cleave DNA strands oxidatively. We have made various organic chemical approaches in order to elucidate their action mechanisms, particularly mechanisms of oxidation reactions occurring at the deoxyribosyl moiety of DNA. Our approaches include the reactions of model hydroperoxy and hydroxy intermediates and the quantitative analysis of the cleavage reactions using synthetic self-complimentary oligonucleotides.
INTRODUCTION
Various chemical reagents and certain anticancer drugs such as the Fenton reagent and oxygendependent anticancer drugs, are known to cleave DNA strands by the attack of a free radical or a reactive oxygen species generated from these systems. the photochemical reaction of thymidine with lysine to the selective cleavage of DNA strands at thymine sites (ref. l), prompted us to investigate the oxidative scission of DNA by certain systems generating a free radical or a reactive oxygen species. attention has been drawn to the action of oxygen-dependent anticancer drugs such as bleomycin and neocarzinostatin, because of their unique chemical structures and their ability to cleave DNA in a site-specific manner.
The action mechanisms for such anticancer drugs may generally involve the following three steps: (i) recognition of a particularbase or base sequence on a DNA double strand, (ii) activation of the substrate or molecular oxygen under the reaction conditions, and (iii) oxidation reactions leading to DNA strand scission. step.
The successful application of
Our particular
This report deals mainly with the third
M O D E L 4'-HYDROPEROXY, 4'-HVDROXV A N D 1'-HVDROXV INTERMEDIATES
In case of bleomycin, the third step has been reported to involve the formation of 4'-hydroperoxy and 4'-hydroxy deoxyribosyl intermediates which lead to the strand scission of DNA giving a base-propenal and a free base, respectively, as shown in Scheme 1 (ref. (free base)
Y -P-OH Since the chemistry of such 4'-hydroperoxy and 4'-hydroxy nucleosides was totally unknown, we studied model reactions for the mechanisms of Scheme 1. synthesized was submitted to spontaneous decomposition in a phosphate buffer at pE 6.0 to give thymine-propenal, acetic acid and benzoic acid in good yield. was reduced with dimethyl sulfide in methanol, free thymine and an alkali-labile site analog We found that the site-specificity of this photochemical DNA cleavage was same (C-C and G-T) as that of the bleomycin-Fe(I1)-mediated DNA cleavage. Next, we analyzed quantitatively the cleavage products by HPLC using an oligonucleotide, 5'-CGCG-3', clavage reaction. This type of analytical method has been developed by Hecht and his collaborators (ref. Recently Meyers has proposed a mechanism involving the formation of a
OH
.NeocarzSnostatin chromophore R ' DNA radical
We confirmed the thymine specificity for the neocarzinostatin-mediated scission of calf thymus DNA. phenol-oxygen, thymine formed was 69% of total free bases obtained from the reaction mixture.
We next examined the reaction of neocarzinostatin with a synthetic oligonucleotide, 5'-GCAT-GC-3'. If 5'-hydroperoxy and 5'-hydroxy intermediates are formed by selective 5'-oxidation, these two intermediates would eventually give f w r products shown in Scheme 4. Although compound 2 was not detected on HPLC possibly because of its instability, all other products were obtained together with the starting nucleotide in a good material balance (Figure 2 ). The material balance indicates that these cleavage products are formed most probably via the 5'-oxidation as shown in Scheme 4.
Thus, in the oxidation of calf thymus DNA with neocarzinostatin-4-hydroxythio- HPLC analysis of products.
